METHODS
Transmitter release may be modulated in several ways that are not necessarily the same for different categories of axons, or even for various collaterals of the same axons. The present study concerns modulatory actions of GABAreleasing interneurones mediating presynaptic inhibition in pathways from sensory fibres (for recent reviews see Curtis & Lacey, 1998; Rudomin & Schmidt, 1999) . GABAergic interneurones were long considered to modulate synaptic actions of sensory fibres in a rather indiscriminate way. However, there is growing evidence that their modulatory actions are much more task-and targetdependent than originally thought (see Rudomin, 1999) . In pathways from group II muscle afferents, the main differences have previously been found primarily in the sources of presynaptic inhibition (from different muscles in different segments; Riddell et al. 1995; Jankowska et al. 2000a ). However, some differences have also been found in the degree of presynaptic inhibition within two main regions of projection of group II afferents: in the dorsal horn and in the intermediate zone of the same segments (Riddell et al. 1995) . Stronger presynaptic inhibition at one of these sites might result in a preferential recruitment of interneurones at the other site and in changes in the pattern of motor reactions evoked by group II afferents.
The first aim of the study was therefore to extend the observations of Riddell et al. (1995) by a more systematic comparison of presynaptic inhibition evoked in the dorsal horn and in the intermediate zone. The observations of Riddell et al. (1995) involved comparison of synaptic actions evoked from only one nerve (the deep peroneal, DP, nerve) and in only one segment (L5). In the present study these observations were extended to actions evoked from other nerves, and in other segments.
The second aim was to investigate some of the possible functional consequences of differences in presynaptic inhibition in the intermediate zone and in the dorsal horn. We hypothesized that stronger presynaptic inhibition of transmission to intermediate zone interneurones would result in a differential depression of disynaptic actions of group II muscle afferents on a-and g-motoneurones mediated by these interneurones, while it would favour polysynaptic actions mediated by dorsal horn interneurones. In order to test this hypothesis the shortest latency EPSPs and IPSPs evoked from group II afferents were compared in intracellularly recorded a-motoneurones, before and after they had been preceded by the same conditioning stimuli that depressed intermediate zone field potentials.
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During the preliminary dissection the lumbar third to seventh (L3-L7) segments of the spinal cord were exposed by laminectomy and a number of peripheral hindlimb nerves dissected and transected. The nerves were mounted on stimulating electrodes: either subcutaneous cuff electrodes (for the quadriceps (Q), sartorius (Sart), and saphenus (Saph), nerves) or pairs of silver hook electrodes in a paraffin oil pool (for the posterior biceps and semitendinosus (PBST), anterior biceps and semimembranosus (ABSM), sural, Sur, gastrocnemius and soleus (GS), anterior tibial and extensor digitorum longus nerves jointly referred to as deep peroneal (DP), and cutaneous branches of the superficial peroneal (SP), nerve).
Field potentials
Field potentials were recorded with glass micropipettes filled with a 2 M solution of NaCl (tip 1.5-2 mm, impedance 1. 5-3 MV). They were recorded in the 3rd, 4th and 5th lumbar (L3, L4 and L5) segments, along a few electrode tracks per segment. Field potentials in the intermediate zone were evoked by stimulation of the Q, Sart and DP muscle nerves, usually at an intensity of five times threshold (T), i.e. near-maximal for fast conducting group II afferents, but sometimes also at 3 or 4T, i.e. by stimuli submaximal for group II afferents. Field potentials in the dorsal horn were evoked by 4 or 5T stimulation of muscle nerves and by 1.2-2T stimulation of cutaneous nerves. Two to four sequences of 10 or 20 responses were averaged, both when they were and when they were not preceded by conditioning stimuli.
Conditioning stimuli consisted of a train of three or four stimuli at 5T applied to muscle nerves (at 300 or 400 Hz) or single 2T stimuli applied to skin nerves. The sequences of either test or of both conditioning and test stimuli were applied twice per second unless stated otherwise. The conditioning stimuli were routinely applied about 30 ms before the test stimuli but the conditioning-testing intervals were also varied between 10 and 200 ms. In the case of longer intervals, the potentials to be analysed were most often displayed at the same time base as those at shorter intervals (20-40 ms per address) using pre-trigger delays. The effects of various conditioning stimuli were investigated on each field potential tested. The decrease in the field potential that could be attributed to presynaptic inhibition (see Riddell et al. 1995) was assessed by comparing the areas and amplitudes of their earliest components, within 0.4-0.8 ms-long time windows. The measurements were made between a horizontal line at the level of the onset of the field potentials and a vertical line cutting across a point on their rising phase that was near the peak (as exemplified in Fig. 1C and D). The length of the time windows and hence the position of the vertical line was set so as not to include neuronal discharges (which was verified on the corresponding single sweep records). Small differences in the duration of time windows used for different field potentials depended on the time to peak of the potentials and were usually shorter for dorsal horn and group I intermediate zone field potentials (0.4-0.6 ms) than for group II intermediate zone field potentials (0.4-0.8 ms). The analysis was confined to field potentials with latencies compatible with the latencies of monosynaptically evoked synaptic actions (cf. Edgley & Jankowska, 1987a; Riddell et al. 1995; Riddell & Hadian, 2000) . Under these conditions we encountered two complications. Firstly, when group II field potentials were preceded by a field potential evoked by group I afferents, the timing of their onset could not be unequivocally defined and they were hence compared within arbitrarily selected time windows. Secondly, in certain combinations of conditioning and testing stimuli, changes in amplitude of group I components of field potentials decreased the reliability of measurements of group II components. This occurred when the conditioning stimuli either reduced group I components by presynaptic inhibition or facilitated activation of intermediate zone neurones by group I afferents. Since activity of some of these interneurones coincided with the rising phase of group II components and interfered with the detection of small changes in the amplitude of group II components, the combinations in which they occurred had to be eliminated from the analysis. Fortunately, both these effects were induced almost exclusively from the flexor nerves DP and PBST (cf. Fig. 2 ).
In order to increase the reliability of the measurements, they were only made on potentials of at least 0.40 mV in the dorsal horn and at least 0.15 mV in the intermediate zone, with a sharp rising phase and a distinct peak. The dorsal horn and intermediate zone group II field potentials to be compared were sampled in the same or in neighbouring (100-200 mm apart) electrode tracks. The dorsal horn group II field potentials and potentials evoked by cutaneous afferents were usually recorded at the same recording electrode position and the same was true for the intermediate zone field potentials evoked by group I and II afferents. Measurements were made of the area as well as the amplitude in an attempt to estimate any measurement errors. The results are expressed as means and standard errors of means (S.E.M.). The statistical significance of the differences was estimated using Student's paired t test.
PSPs in motoneurones
Intracellular recordings from a-motoneurones were made in the same experiments as recordings of field potentials and by using the same experimental paradigms. The recordings were made with glass micropipettes filled with a 2 M solution of potassium citrate (tip 1.5-2 mm, impedance 3-6 MV). The postsynaptic potentials to be analysed (test EPSPs and IPSPs) were evoked by stimulation of the Q nerve (up to 5T). Conditioning stimuli (3-5T) were applied to the Q, Sart and DP nerves at conditioning testing intervals of 25-85 ms. Motoneurones recorded from were located in the L5-L7 segments, in Sart, Grac, Q, DP, PBST, ABSM and GS motor nuclei. As a measure of changes induced by conditioning stimuli, increases in the latency of the PSPs (postsynaptic potentials) and decreases in their peak amplitude were used. Figure 1 illustrates changes in field potentials evoked by stimulation of the Q nerve in the dorsal horn and in the intermediate zone following conditioning stimulation of the Sart nerve. The field potentials were recorded about 2.5 mm apart. The potential evoked by 5T stimuli in the dorsal horn (A) and the late component of the potential in the intermediate zone (B) were evoked by group II afferents, as indicated by their absence when the stimulus intensity was reduced to 2T (see Edgley & Jankowska, 1987a) . The early component of the intermediate zone field potential (B) was induced by group I afferents, as shown by both its shorter latency and lower threshold. Following conditioning stimulation of the Sart nerve at 5T, the depression of potentials evoked by group II afferents was much more marked in the intermediate zone (reduced practically to zero; B, D) than in the dorsal horn (reduced to about one-half of the original size; A, C). Changes in the early component of the intermediate zone field potential, which was evoked by group I afferents, were then negligible (D).
RESULTS

Heterogenetic depression of field potentials evoked by group II afferents
The effects of stimulation of group II afferents of a number of other muscle nerves for the whole sample of the analysed field potentials are summarized in Fig. 2 . The figure shows that changes in the area (dark bars) and amplitude (light bars) of the potentials were very similar and usually differed by less than 10 %. Only one of these parameters (area) will therefore be used in the following description.
In each panel (A-H) in Fig. 2 , data for potentials evoked by group II afferents are shown in the middle pairs of bars. They are flanked, for comparison, to the left by the data for potentials evoked by group I afferents (i.e. the first components of the intermediate zone field potentials) and to the right by data for dorsal horn field potentials evoked by skin afferents. As stated in Methods, in order to restrict the analysis to the monosynaptic actions, only changes within 0.4-0.8 ms from the onset of the field potentials were used as a measure of presynaptic inhibition. Only data for conditioning-testing intervals of 20-30 ms are included in the plots. Figure 2 shows that group II components of the intermediate zone field potentials were most potently depressed. An example of cases where intermediate zone group II field potentials were depressed to zero is given in Fig. 1D . The strongest depression was generally found for Sart field potentials when conditioned by stimulation of Q group II afferents ( Fig. 2A) . The mean depression of group II field potentials in other combinations of conditioning and testing stimulation (Fig. 2B , C and D) was weaker, but the areas of these potentials decreased on average to less than 40 % of control values. The one exception was the enhancement rather than decrease evoked by conditioning stimulation of PBST ( Fig. 2F ). However, as stated in Methods, the enhancement was most likely due to the facilitation of oligosynaptic responses evoked by group I afferents and hence is difficult to interpret. In all combinations of conditioning-testing stimulation of group II afferents, the mean depression of dorsal horn group II field potentials was less prominent than the depression of intermediate zone field potentials and
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Figure 1. Examples of the effects of conditioning stimulation of group II afferents on field potentials evoked in the dorsal horn and in the intermediate zone of the L4 segment
The three upper traces in A and B are averaged records of 10 successive field potentials. Those evoked by 2T stimuli (top records) were below threshold for group II actions. Those evoked at 5T represent near-maximal earliest actions of group II afferents (II); in the intermediate zone they were preceded by synaptic actions of group I afferents (I). Four stimuli at 5T applied to the Sart nerve were used as conditioning stimuli; time intervals between the first of these stimuli and the test stimuli were 34 ms (A) and 29 ms (B). Bottom traces in A and B, records of afferent volleys from the cord dorsum. Records in A and B are from the same segment about 2.5 mm apart, at depths of 1.6 and 2.4 mm from the surface. C and D, expanded (4 w vertically, 4 w horizontally) records of rightmost parts of the middle records in A and B. In these superimposed records the thin and thick traces are the test and conditioned responses, respectively. Note the much stronger depression of the group II components of the intermediate zone field potential than of the potential evoked in the dorsal horn. Voltage and time calibrations in D are for the original and expanded records, as indicated. In this and the following figures the negativity is downwards in microelectrode records and upwards in cord dorsum records. usually only reached levels between 62 and 77 % ( Fig. 2A-D) . Even those individual dorsal horn field potentials displaying the strongest decreases were not depressed to more than between 29 and 50 % of the control values.
Differences in the degree of depression of pairs of individual dorsal and intermediate zone field potentials recorded in the same electrode tracks (at depths 300-600 mm apart) by the same conditioning stimuli are illustrated in Fig. 3 . Pairs of field potentials have been ranked according to the degree of depression in the intermediate zone. Only those fields depressed by 75 % or more have been included in the graph. The distribution of the data shows that the great majority of the intermediate zone field potentials were decreased more than the dorsal horn field potentials.
Homogenetic depression of field potentials evoked by group II afferents in the intermediate zone and in the dorsal horn
Figures 2E and 3B show that the depression evoked when the conditioning and testing stimuli were applied to the same nerve (homogenetic depression) was somewhat stronger than when conditioning stimuli were applied to another nerve (heterogenetic depression). The interpretation of this difference is complicated by the fact that the homogenetic presynaptic inhibition may be superimposed E. Jankowska, U. Slawinska and I. Hammar 290 J. Physiol. 542.1
Figure 2. Comparison of changes in the earliest components of field potentials evoked by group I and group II muscle afferents in the intermediate zone and by group II and cutaneous afferents in the dorsal horn
In each panel the broad dark bars and the narrow light bars show the areas and amplitudes of the conditioned potentials, indicated at the bottom of the figure, as a percentage of control potentials, together with bars indicating S.E.M. The combinations of conditioning and test stimuli are indicated above each panel. For example, 'QåSart' means that the test stimulus was applied to the sartorius nerve while the conditioning stimulus was applied to the quadriceps nerve. The homogenetic effects in E are for stimuli applied to the Q, Sart and DP muscle nerves and to the Saph skin nerve. Trains of 5T stimuli applied 20-30 ms before the test stimuli were used as conditioning stimuli. In each panel are pooled data for the whole sample of the analysed potentials. The number of field potentials is given beneath each bar. Statistically significant differences are indicated by asterisks (* P = 0.01-0.05; ** P < 0.01) and differences that were not statistically significant by 'ns'. on post-activation depression (Hultborn et al. 1996) . Although the post-activation depression of transmission from group II afferents in the intermediate zone has been found to be much weaker than in the dorsal horn or that from group I afferents in the ventral horn , it could nevertheless add to the effects of presynaptic inhibition. In an attempt to estimate the degree of postactivation depression, we therefore compared the time course of depression of group II field potentials following homogenetic and heterogenetic conditioning stimulation, expecting effects attributable to post-activation depression to be longer lasting (Hultborn et al. 1996) . As shown in Fig. 4A and B, the time course of the homogenetic and heterogenetic depression was comparable and the effects of homogenetic activation declined strictly in parallel with heterogenetic effects. Sample records in Fig. 4C show in addition that at an interval at which the depression of both dorsal and intermediate zone field potentials was maximal, conditioning stimuli applied to all three nerves tested depressed both monosynaptic and polysynaptic components of the field potentials.
Comparison of the time course of the depression at the two locations revealed that the depression of dorsal horn field potentials was not only weaker but also shorter lasting than the depression of the intermediate zone field potentials. When the dorsal horn potentials had virtually recovered (to about 75 % at conditioning testing intervals of 75-100 ms), the intermediate zone potentials still remained below 20 % of the original size, and a similar degree of recovery was only found at about 200 ms intervals.
Depression of synaptic actions of group II afferents by cutaneous afferents
Presynaptic inhibition of transmission from group II afferents evoked by conditioning stimulation of cutaneous afferents was similarly found to be stronger in the intermediate zone than in the dorsal horn. In the dorsal horn, field potentials evoked from group II afferents of Q and Sart were generally only weakly depressed following stimulation of Saph (3rd pairs of bars in Fig. 2G and H) . The mean depression was to 90 ± 3 % and 83 ± 2 % and the maximal depression was to 39 and 68 %, respectively. Only a weak depression was found of field potentials evoked from Saph following stimulation of Q, Sart and DP group II afferents ( Fig. 2A -C last pairs of bars). The mean depression was to 83 ± 4, 89 ± 3 and 88 ± 3 %, with a maximal depression to 52, 57 and 59 %, respectively.
In the intermediate zone, the mean depression of group II field potentials following conditioning stimulation of Saph was stronger than in the dorsal horn (cf. the 2nd and 3rd pairs of bars in Fig. 2G and H) . This was true for intermediate zone field potentials evoked from the muscle nerves with the same terminal projection areas as those of Saph, i.e. Q (to 66 ± 8 %, with maximal depression to 6 % of control values) and Sart (to 24 ± 5 %, with maximal depression to 0 %), although not for field potentials from DP (to 93 ± 6 %, not significant, not illustrated). Fig. 1C and D) following conditioning stimuli are expressed as percentages of the areas of control potentials. A, effects of heterogenetic conditioning stimulation of group II afferents (i.e. of afferents of another nerve). These include data for all combinations in which the effects of the same stimuli were tested on both intermediate zone and dorsal horn field potentials (from Q on Sart, n = 5; from DP on Sart, n = 1; from Q on DP, n = 15; from Sart on Q, n = 4). B, effects of homogenetic conditioning stimulation (i.e. of stimulation of the same muscle nerve from which the potentials were evoked). These were tested on field potentials evoked from Q (n = 8), Sart (n = 9) and DP (n = 1). The data points for intermediate zone field potentials are ranked according to the degree of the depression, beginning with those that were depressed the most.
Effects of presynaptic inhibition on PSPs of group II origin evoked in a-motoneurones.
Previous studies have provided evidence that intermediate zone but not dorsal horn interneurones may have direct actions upon a-motoneurones (Edgley & Jankowska, 1987b) . They also showed that intermediate zone interneurones which are monosynaptically activated by group II afferents may mediate disynaptic EPSPs and IPSPs of group II origin which are evoked in addition to tri-and polysynaptically evoked EPSPs and IPSPs (Cavallari et al. 1987; Lundberg et al. 1987) . A depression of the monosynaptic actions of group II afferents in the intermediate zone ought therefore to be reflected in an increase in the latency of PSPs evoked in motoneurones by at least 0.5-1 ms, if these synaptic actions were too weak to discharge interneurones mediating disynaptic actions of group II afferents and if only tri-and polysynaptic pathways were operating under these conditions. In order to verify that this was the case, intracellular records from a-motoneurones were used and PSPs following stimulation of group II afferents were recorded, using the same test and conditioning stimuli (mainly Q, Sart and DP at 5T) that were used for intermediate zone field potentials. The earliest PSPs of group II origin in motoneurones were reported to appear with 2.4-3.0 ms segmental latencies, but later PSPs evoked by these afferents were induced with latencies exceeding 4.2 ms (Cavallari et al. 1987; Edgley & Jankowska, 1987b; Lundberg et al. 1987) . Accordingly, only some components of EPSPs of group II origin might be evoked disynaptically, and not in all motoneurones (see Lundberg et al. 1987) . For this reason we focused on PSPs evoked by single stimuli at latencies up to 3.5 ms. These included EPSPs recorded in five motoneurones and IPSPs recorded in 20 motoneurones.
EPSPs were evoked from Q in flexor (Grac and Sart) motoneurones, in accordance with the pattern of the dominating actions of group II muscle afferents (Eccles & Lundberg, 1959) . They were therefore superimposed on disynaptic IPSPs of group Ia origin, as illustrated in Fig. 6 , making their onset difficult to define. However, records in Fig. 5B, E and H show that the original and conditioned PSPs started to deviate from one another about 3 ms from the afferent volleys. This indicates that the depressed EPSPs were induced at about 3 ms segmental latency. The degree of depression of EPSPs superimposed on IPSPs was even more difficult to quantify, especially when these EPSPs overlapped with late IPSPs, as in Fig. 5E and H. However, in at least some cases, illustrated in Fig. 5B and C, the EPSPs appeared to be reduced almost to zero. In such cases both the earliest and later components of the EPSPs appeared to be affected to the same degree.
IPSPs were easier to analyse, especially when they were not preceded by PSPs of group I origin, as in the records illustrated in Fig. 6A -D. Twenty-seven of a total of 44 IPSPs were of this kind. The remaining 17 IPSPs were J. Physiol. 542.1
Figure 4. Time course of depression of group II field potentials in the intermediate zone and the dorsal horn
Ordinates in A and B represent areas of monosynaptic components of intermediate zone field potentials (n = 4 for homogenetic, n = 5 for heterogenetic) and of dorsal horn field potentials (n = 3 for homogenetic, n = 10 for heterogenetic). Abscissae in A and B represent time intervals between the first conditioning stimuli in a train and test stimuli. Open and filled symbols are for effects evoked by conditioning stimulation of the same (homogenetic) and other nerves (heterogenetic), respectively. C, sample records of plots in A and B. Monosynaptic components of the illustrated intermediate zone group II field potential were measured between the two dotted lines in superimposed records of the test (lower lines) and conditioned (upper lines) potentials. The conditioning-testing interval was 32 ms. preceded by monosynaptic EPSPs or by IPSPs evoked by either group Ia afferents from antagonists or by group Ia and/or Ib afferents of other muscles, as in Fig. 6E and F. Quantitative estimates of these group II IPSPs were thus less reliable than of IPSPs that were not preceded by other PSPs.
Since the relative contribution of presynaptic and postsynaptic effects of conditioning stimuli might change depending on conditioning-testing intervals, two intervals were routinely used. These were intervals of 25-35 ms (referred to as short), at which the presynaptic inhibition was expected to be most potent but at which the postsynaptic effects could be quite strong, and intervals of 70-80 ms (referred to as long) at which the presynaptic inhibition would be still quite strong, especially in the intermediate zone (Fig. 4A) while PSPs evoked by conditioning stimuli would considerably decline.
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Figure 5. Examples of decreases of EPSPs of group II origin
In A, D and G, top traces are control PSPs evoked in a gracilis motoneurone (A) and in two sartorius motoneurones (D and G) by stimulation of Q at 5T, middle traces are PSPs evoked after a preceding conditioning stimulation of Sart 5T, DP 4T and Sart 4T at conditioning-testing intervals of 77, 83 and 77 ms, respectively, and bottom traces are the corresponding records of incoming volleys from the surface of the spinal cord. B, E and H, superimposed rightmost parts of intracellular records in A, D and G, expanded 3w vertically and 5 w horizontally. Thin traces, control potentials; thick traces, conditioned potentials. Note that the test stimuli evoked disynaptic Ia IPSPs (mediated by inhibitory interneurones represented by the filled circle in the diagram of connections subserving the illustrated actions of group Ia and group II afferents upon spinal motoneurones (Mn) below panel H) followed by EPSPs; the EPSPs were evoked by group II afferents since they required stimuli of at least 3T (mediated by interneurones represented by the open circle in the diagram below panel H). Note also that the conditioning stimuli depressed the EPSPs while the preceding IPSPs were affected only marginally. C, F and I, the differences between traces shown in B, E and H (test _ conditioned). Arrows indicate the onset of group II-evoked EPSPs. Calibration pulses shown at the beginning of intracellular records in A, D and G were 1 mV. Voltage calibration bars for the expanded records are shown in C, F and I.
Increases in the latency of at least 0.5 ms were seen in 12/27 IPSPs, both at long (8/14, Fig. 7D ) and short (4/13, Fig. 7B ) conditioning testing intervals. The mean increase was by 0.52 ± 0.05 ms (0.73 ± 8 and 0.44 ± 8 % for long and short conditioning testing intervals respectively). A similar mean increase was found for IPSPs preceded by group I PSPs, by 0.55 ± 0.07 ms.
Maximal depression of group II IPSPs was as marked as that of group II EPSPs, i.e. practically to zero, as illustrated in Fig. 7G . When the effects of conditioning stimuli on group II and group I IPSPs evoked in the same motoneurone were compared (Fig. 6H) , the group II IPSPs were in addition always depressed to a much greater extent. Figure 7G and I illustrate this difference with records from a motoneurone in which IPSPs of group II origin (second arrow) were almost abolished, while IPSPs of group I origin (first arrow) were hardly affected. The depression of Ia EPSPs recorded in the same motoneurones, and evoked by the most effective conditioning stimuli ( Fig. 7C and E) was also much weaker than the depression of group II IPSPs. For the whole sample of seven monosynaptic EPSPs the depression was to 93 ± 0.02 %, for 10 group Ia IPSPs to 89 ± 0.02 % and for 12 group Ia or Ib IPSPs to 92 ± 11 %. In contrast, the mean depression of group II IPSPs was to 58 ± 0.1 %. The early parts of group II IPSPs (within 1.5 ms from their onset) were decreased at both long (12/14 IPSPs) and short (6/13 IPSPs) conditioning-testing intervals.
DISCUSSION
The reported results provide further evidence for quantitative differences in the control of transmission from group II afferents to neurones in the dorsal horn and in the intermediate zone (Riddell et al. 1995) . The depression of transmission to the intermediate zone E. Jankowska, U. Slawinska and I. Hammar 294 J. Physiol. 542.1
Figure 6. Examples of increases in latency and decreases in amplitude of IPSPs evoked by group II afferents
A, C and E, intracellular records from three unidentified motoneurones (top and middle traces) and the corresponding records of afferent volleys from the surface of the spinal cord (bottom traces). Control records (thin lines) and records of PSPs evoked following conditioning stimulation (thick lines) at 74-76 ms conditioning-testing intervals, as indicated above them are shown. B, D and F, expanded and superimposed records of field potentials in A, C and E. The IPSPs were evoked at segmental latencies of 2.9-3.5 ms. Intermediate zone field potentials evoked from the same nerves in the neighbouring segment had segmental latencies of 2-2.4 ms. G, increases in the latencies of group II IPSPs (ordinate), evoked following conditioning stimuli, plotted against latencies, with respect to group I incoming volleys. Pooled data were used for shorter and longer conditioning-testing intervals. H, decreases in the amplitude of IPSPs of group II origin (ordinate) plotted against changes in amplitude of IPSPs of group I origin in the same motoneurones as in G. Pooled data were used for group II IPSPs which were either preceded or were not preceded by group I IPSPs and for shorter as well as longer conditioning-testing intervals. Calibration pulses shown at the beginning of intracellular records in A, C and E are 1 mV. Voltage calibration bars for the expanded records are shown in B, D and F. following a train of conditioning stimuli applied to group II afferents was found to be considerably stronger than to the dorsal horn, to the extent that monosynaptic components of the intermediate zone field potentials evoked by group II afferents were often obliterated. These differences were thus much larger than the previously described differences in the degree of presynaptic inhibition of group I afferents at different locations (Sypert et al. 1980) . The depression of monosynaptic components of group II field potentials was used as a measure of presynaptic inhibition, since a relationship between the two has been found for field potentials evoked from group I afferents in motor nuclei (Sypert et al. 1980) , as well as between changes in the excitability of group II afferents and monosynaptic components of group II field potentials (Riddell et al. 1995) . Changes in the monosynaptic components of field potentials were considered to be a more reliable measure of locally evoked presynaptic inhibition than changes in the excitability of primary afferents, and were therefore used in this study. A great advantage of the excitability tests is that they deal with single fibres that may be fully functionally characterized. However, depolarization of Differential presynaptic inhibition
Figure 7. Comparison of effects of presynaptic inhibition on monosynaptic EPSPs and disynaptic IPSPs evoked from group Ia afferents and on IPSPs evoked by group II afferents in a GS motoneurone
A, action potential at the time of recording. B and D, effects of conditioning stimulation of PBST on EPSP evoked from GS at 30 and 80 ms conditioning-testing intervals. C and E, superimposed expanded records of control and conditioned (thicker) EPSPs shown in B and D, and the differences between them. F-I, a similar comparison for IPSPs evoked from DP and conditioned by stimulation of Q. Top records in F show that the late components of these IPSPs were evoked only by stimuli exceeding 2T; their latency (about 3.8 ms from the DP incoming volleys shown in lowermost traces) was only 0.8 ms longer than that of group II intermediate zone field potentials recorded some 10 mm more rostrally. Both this latency and the sharp rising phase of these potentials indicate that they were evoked disynaptically. G, superimposed records of potentials evoked by 2 and 5T stimuli (top records), of the control and conditioned (thicker) records (middle records) and of the differences between them. Arrows indicate the onset of group II-evoked IPSPs. Note that the Ia IPSPs (mediated by interneurones labelled 'Ia' in the diagram of connections subserving the illustrated actions of group Ia and group II afferents below panel H) were hardly affected while group II IPSPs (mediated by interneurones labelled 'II' in the diagram below panel H) were almost abolished at the shorter interval (F, G) and greatly decreased at the longer interval (H, I). Note also a delay of the remaining group II IPSPs in I. afferent fibres may affect excitability of these fibres at some distance from their terminals. The areas within which changes in the excitability of the afferent fibres are found may thus exceed the areas within which their terminals are affected by GABAergic interneurones. Field potentials reflect PSPs evoked in neurones located both around the tip of the recording electrode and at some distance from it. Nonetheless, the areas over which distinct field potentials are evoked from group II afferents, either in the dorsal horn or in the intermediate zone, are as a rule confined to a radius of about 100 mm and are clearly separated from each other (Edgley & Jankowska, 1987a) . Hence, by using changes in field potentials, actions that are much more spatially restricted may be analysed.
Heterogenetic versus homogenetic depression
Our observations do not allow us to estimate to what extent post-activation depression contributed to the slightly stronger effects of conditioning stimuli applied to the same nerves from which the tested field potentials or PSPs in motoneurones were evoked. Since post-activation depression comparable to that occurring in pathways from group Ia afferents to motoneurones (Hultborn et al. 1996) was found in pathways from group II afferents to the dorsal horn , post-activation depression might to some degree explain the slightly stronger homogenetic than heterogenetic depression of field potentials evoked from group II and cutaneous afferents in the dorsal horn (Fig. 2) . On the other hand, the much weaker postactivation changes in group II components of field potentials evoked in the intermediate zone could hardly explain the much more potent homogenetic depression of these potentials following conditioning stimulation of group II afferents. Furthermore, since conditioning stimulation of the same and of other nerves (Fig. 4C ) often depressed individual field potentials to the same extent, the same mechanism of depression would seem most likely. The similar time course of the homogenetic and heterogenetic depression ( Fig. 4A and B) would likewise be more in keeping with the same mechanism since a much longer time course would be expected of depression due to post-activation depression than to presynaptic inhibition. We therefore propose that homogenetic depression of the synaptic actions of group II afferents in the intermediate zone is primarily due to a strong homogenetic presynaptic inhibition at this site.
Differences in the effectiveness of presynaptic inhibition of synaptic actions of group II afferents at different locations
It would be of great interest to establish which factors contribute to making presynaptic inhibition of transmission between group II afferents and neurones in the intermediate zone so markedly potent, much more potent than inhibition of transmission between group II afferents in the dorsal horn and of group I afferents in the intermediate zone. In the case of group Ia afferents nearly twice as many axo-axonic contacts per afferent terminal have been found in the ventral horn as in the dorsal horn (Watson & Bazzaz, 2001) . However, there are no indications that axo-axonic contacts are more numerous on terminals of group II afferents (Maxwell & Riddell, 1999 ) than on terminals of group I afferents (Pierce & Mendell, 1993; Maxwell & Riddell, 1999) . They are also apparently formed on as high a proportion of terminals of group II afferents in the dorsal horn as in the intermediate zone (Maxwell & Riddell, 1999) . Differences in the proportion of fibres contacted by GABAergic neurones do thus not seem to be a likely explanation of the much greater effectiveness of depression of group II field potentials in the intermediate zone than in the dorsal horn. One might nevertheless consider that the density of axo-axonic contacts (the total number per tissue volume) is higher in the intermediate zone than in the dorsal horn, if terminal arborizations of Q, Sart and DP group II afferents in the intermediate zone were more profuse than in the dorsal horn and those in the dorsal horn were as sparse as terminals of GS afferents stained by Maxwell & Riddell (1999) . If effects of GABA on one terminal strengthen its effects on the neighbouring terminals, the presynaptic inhibition could accordingly be stronger within the areas where the density of the axo-axonic contacts is highest.
Another difference to be considered might be the intrinsic properties of interneurones forming axo-axonic contacts in the dorsal horn and in the intermediate zone. Maxwell and Riddell (Maxwell & Riddell, 1999) found that some presynaptic terminals in axo-axonic synapses with group II afferents were immunoreactive to both glycine and GABA while others were immunoreactive to either glycine or GABA. Another difference found in the same study was that some of the terminals that were immunoreactive only to GABA formed contacts with group II afferents only, while others formed contacts with both afferents and dendrites of postsynaptic neurones. If some axo-axonic contacts are more potent in inducing presynaptic inhibition than others, it is possible that the more potent contacts are involved to a greater extent in mediating presynaptic inhibition in the intermediate zone than in the dorsal horn. More direct evidence that neurochemically distinct populations of interneurones may modulate transmission from the same category of afferents at different locations has been found for group Ia afferents by Watson & Bazzaz (2001) . They found that in the ventral horn 91 % of boutons presynaptic to Ia afferent terminals were immunoreactive for GABA alone and 9 % were immunoreactive for both GABA and glycine. In contrast, in the deep layers of the dorsal horn, only 58 % of boutons presynaptic to afferent terminals were immunoreactive for GABA alone, 31 % were immunoreactive for GABA and glycine, and 11 % for glycine alone.
One might also take into account differences in the properties of terminals in different synapses (Waldeck et al. 2000) and target specific presynaptic mechanisms (Toth & McBain, 2000) which could result in differences of the effectiveness of presynaptic actions on different kinds of afferents and on the same afferent in different laminae of the spinal cord.
In previous studies, two other cases of depression as strong as the presently described depression of synaptic actions of group II afferents by a preceding activation of group II afferents have been analysed. One of these was the depression of synaptic actions of group II afferents, also in the intermediate zone and at the level of a-motoneurones, but in this case evoked by conditioning stimulation of the locus coeruleus, raphe and cuneiform nuclei (Noga et al. 1992 (Noga et al. , 1995 Riddell et al. 1993) . The depression evoked from these nuclei would in part be due to presynaptic actions of GABAergic interneurones but would most probably be associated with the depression of synaptic actions of group II afferents by noradrenaline and serotonin (Bras et al. 1990) , released by monoaminergic tract neurones activated by the same stimuli. A depression comparable to the depression in pathways from group II afferents was also demonstrated for disynaptic actions of group Ib afferents on a-motoneurones (Zytnicki et al. 1990; Zytnicki & Jami, 1998) where depression was attributed to particularly potent presynaptic inhibition of synaptic actions of Ib afferents on intermediate zone interneurones in disynaptic pathways between these afferents and motoneurones. However, no marked depression of monosynaptic components of field potentials evoked by group I afferents in the intermediate zone, which might explain the depression of group Ib actions upon motoneurones, was found in the present study. No reasons for this discrepancy can as yet be given.
Consequences of presynaptic inhibition of synaptic actions of group II afferents for reflex actions of these afferents upon motoneurones
Since presynaptic inhibition results in a very strong depression of population EPSPs evoked from group II afferents in the intermediate zone, it should also result in a potent reduction of synaptic actions of intermediate zone interneurones excited by group II afferents on a-motoneurones. Nonetheless, the reduction of EPSPs of group II origin recorded in motoneurones to almost zero and of IPSPs to less than 60 %, and sometimes even to less than 20 %, was rather unexpected, especially as the early and late parts of these potentials appeared to be equally strongly depressed. Three non-exclusive possibilities might be considered to account for these effects. Firstly, it is possible that both earlier and later components of the PSPs evoked by single stimuli were evoked disynaptically by faster and slower conducting group II afferents and/or interneurones, and therefore were subject to a strong depression at the level of the intermediate zone interneurones that mediated them. Secondly, it is possible that the PSPs were evoked polysynaptically as well as disynaptically and that intermediate zone interneurones mediated both disynaptic and polysynaptic actions of group II afferents. If some intermediate zone interneurones synapsing with motoneurones were excited not only by group II afferents but also by other interneurones of the same population, presynaptic inhibition would affect the disynaptically and polysynaptically evoked components of the PSPs to the same extent. The third possibility is a variant of the second one. Namely, one might consider that intermediate zone interneurones mediate both disynaptic and polysynaptic actions of group II afferents but that the polysynaptic actions are initiated by a distinct population or populations of first order interneurones excited by group II afferents and that only these excite the intermediate zone interneurones. Also in such oligo-or polysynaptic pathways, the intermediate zone interneurones might fail to respond when their excitability is reduced by presynaptic inhibition of tonic actions of group II afferents. This arrangement is diagrammatically indicated in Fig. 1 of the companion paper .
The disappearance of EPSPs (Fig. 5) or IPSPs (Fig. 7) of group II origin would be compatible with either of these possibilities. For instance, a decrease in the later components of the IPSPs combined with a marked increase in their latency might be accounted for by elimination of the disynaptically evoked actions, with the trisynaptic actions less affected. However, increases in the latency, especially those of less than 0.5 ms, might also be caused by a weaker excitation of interneurones mediating the disynaptic actions, and not necessarily by absence of their effects. Whichever the mechanism of the effects of conditioning stimuli might be, much weaker or negligible effects of these stimuli on the concurrently evoked IPSPs of group I origin and similar depression at short and long conditioning-testing intervals would indicate that the depression of group II actions was exerted primarily at a pre-motoneuronal level.
Suggested interneuronal networks of presynaptic inhibition in pathways from group II muscle afferents
Taking the presently reported observations into consideration, the following interneuronal networks of presynaptic inhibition are proposed. Firstly, different subpopulations of GABA-releasing interneurones are suggested to mediate presynaptic inhibition in the dorsal horn and in the intermediate zone (Fig. 8A) , to account for stronger depression of field potentials in the intermediate zone than in the dorsal horn, as indicated by a thicker connection line towards the intermediate zone. However, as discussed above, stronger presynaptic inhibition in the intermediate zone might also be evoked via the same interneurones. Clearly much more must be known about the inter-Differential presynaptic inhibition neurones mediating presynaptic inhibition before a preference can be given to one of these alternatives.
Differences in the degree of presynaptic inhibition in the dorsal horn and in the intermediate zone have also been seen when induced by stimulation of cutaneous afferents. Infrequent depression of dorsal horn cutaneous field potentials by group II afferents, and similarly infrequent depression of group II field potentials by cutaneous afferents in the dorsal horn in midlumbar segments, suggest that presynaptic inhibition at this location is mediated preferentially by interneurones with input from either group II or cutaneous afferents. It is therefore proposed that separate interneurones affect, in principle, these two categories of afferents, as indicated in Fig. 8B .
However, in view of some effects of cutaneous afferents on group II afferents or vice versa, the existence of a small proportion of GABAergic interneurones with wider actions cannot be excluded. In the intermediate zone, similar effects of conditioning stimuli applied to group II and cutaneous afferents were much more frequent and the depression by both kinds of afferent was much more effective. The probability that presynaptic inhibition of some group II and cutaneous afferents in the L3-L5 segments is mediated by the same GABAergic interneurones would thus be higher in the intermediate zone than in the dorsal horn. This arrangement is indicated in Fig. 8C and is reminiscent of the situation found in the sacral segments (Riddell et al. 1995; Jankowska et al. 2000a) . Also, these observations might suggest that two distinct interneuronal populations are involved in presynaptic inhibition of transmission from group II afferents to neurones in the dorsal horn and in the intermediate zone.
If presynaptic inhibition in the dorsal horn is preferentially mediated by GABAergic interneurones with input from either group II or cutaneous afferents, these neurones might be involved in changing the balance between the synaptic effects of fibres which co-excite individual dorsal horn interneurones (Edgley & Jankowska, 1987b) and ascending tract neurones (Edgley & Jankowska, 1988; Hammar et al. 1994) rather than in weakening the peripheral input to them in a non-discriminative fashion. Presynaptic inhibition might, for example, be used to strengthen the depression of input from group II afferents to some ascending tract neurones in the dorsal horn by serotonin (Jankowska et al. 1997 ) without affecting the synaptic actions of cutaneous afferents. Under other circumstances presynaptic inhibition might broaden the actions of monoamines by depressing transmission from afferents that are not influenced by monoamines (e.g. cutaneous afferents) and hence contribute to a more general depression of peripheral input. It might also counteract the generalized facilitatory actions of monoamines on other neurones (Jankowska et al. 1997 (Jankowska et al. , 2000b by weakening the input to them from particular kinds of afferents.
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Figure 8. Diagram of connections suggested by the present study
Open circles indicate populations of interneurones at the indicated locations. Shaded circles indicate GABAergic interneurones mediating presynaptic inhibition of group I, group II and/or cutaneous afferents. Small circles and ellipses indicate excitatory and inhibitory terminals, respectively. Thicker lines in A and C reflect stronger presynaptic inhibition. Further explanations in the text.
